The Battery Charger Specification presents solution for rechargeable batteries used in portable electronic equipment such as laptop computer systems, cellular telephones and video cameras and the demands for low cost battery chargers are rising these days without give attention for the performance. The goal of the paper was combining high efficiency and versatility with low-cost design and this paper includes the design of the snubber cell, and the components of the current/voltage control charge method. This charger applies a relatively constant current and constant voltage to the battery indefinitely regardless of the AC input rang voltage all the equations described in this paper. The design of prototype converter is verified through an experimental result.
Introduction
The main function of any battery charger is to cause current to flow back into a battery in the opposite direction from which current flowed during discharge. A battery on charge is not a fixed or static load. It has a voltage of its own and is connected to the charger so that the two voltages oppose each other. Thus, the current that flows is the result of the difference between the voltages of the charger and the battery and a function of the low ohmic resistance of the battery. The voltage of the battery itself rises during the charge, further opposing the flow of current as the charge progresses. The basic requirements of a charger as they relate to the battery are a safe value of charging current throughout the entire cycle, protection against conditions that would result in overcharge, and accurate termination of the charge when complete or reduction of the current to a level which provides a safe charge maintenance value. The desired characteristics of a charger as they relate to the user are Maximum reliability, Automatic operation to the degree practical in the application, Simplicity in design and construction, Good efficiency and power factor, Ease of operation, Reasonable cost and rapid charging.
Battery chargers are designed typically around two modes of operation, namely, constant-voltage charging and constant-current charging. The former utilizes a constant voltage source and an equivalent series resistance to control the amount of current that flows into the battery. As soon as the battery voltage is raised to the voltage sources, the converter must limit its current to prevent excessive dissipation. The latter, moreover, keeps the charging current constant until the battery voltage reaches a designated value [1] .
Tiny switch reduces total component count, design size, weight and, at the same time increases efficiency when compared to MOSFET or RCC switch, Figure 1 shows the schematic of the basic battery charger, which also serves as the reference circuit for the design proposes.
Proposed Battery Charger Topology
A charger drive circuit that consists of a flyback DC-DC converter with a snubber cell and a constant output current and voltage control as a driver for battery charger is proposed. With this drive circuit, the charger system becomes small size, and has a higher efficiency especially. The configuration for the circuit to charge battery by constant current and constant potential method is shown in Figure 1 , where N P and N S winding is a high-frequency transformer, C DC is the input filter capacitor, C P is the output filter capacitor, V DC is the DC input voltage generated by rectifying AC voltage using a bridge rectifier diode, V o is the output voltage, I o is the output current, D R is a rectifier diode and U1 is a power management IC with a MOSFET incorporated in it connected to a photoelectrical coupler used for photo-electronic isolation. The proposed constant output current and voltage circuit is based on negative-feedback-control theory. High-frequency transformer is used to transfer energy from input-end to output-end. During the "ON" period for the integrated MOSFET, transformer stores energy in its primary winding and the output current is supplied from the output filter capacity C P only. When the MOS-FET Turns "OFF", the energy stored in the power transformer is transferred to the battery load and to C P as it replaces the charge it lost when it was alone delivering load current. Current controller and voltage controller generates a control signals by comparing the detected voltage with a predetermined reference voltage. U1 regulates the "ON/OFF" time of the integrated MOSFET according to the corresponding control signals, providing a constant output current and constant output voltage with high efficiency converting to the battery at last.
Power Management IC
A piece of power management IC-TNY277, a member of TinySwitch-III family produced by Power Integrations Inc., is used in the drive circuit. TNY277 incorporates a high-voltage power MOSFET with a power supply controller in one device, using an "ON/OFF" control scheme and offers a design flexible solution with a low system cost and extended power capability. The pin configuretion of TNY277 is shown in Figure 1 , where D pin is the power MOSFET drain connection, providing internal operating current for both start-up and steady-state operation and S pin is internally connected to the output MOSFET source for high voltage power return and control circuit common. EN/UV pin has dual functions: enable input and line under-voltage sense. During normal operation, switching of the power MOSFET is controlled by this pin [2] .
RCD Snubber Cell Selection
When the power MOSFET is turned off, there is a high voltage spike on the drain due to the transformer leakage inductance. This excessive voltage on the MOSFET may lead to an avalanche breakdown and eventually failure of the Tiny switch. Therefore, it is necessary to use an additional network to clamp the voltage. The RCD snubber circuit and MOSFET drain voltage waveform are shown in Figures 2 and 3 , respectively. The RCD snubber network absorbs the current in the leakage inductance by turning on the snubber diode D sn once the MOSFET drain voltage exceeds the voltage of node X as depicted in Figure 2 . In the analysis of snubber network, it is assumed that the snubber capacitor is large enough that its voltage does not change significantly during one switching cycle. The snubber capacitor used should be ceramic or a ma-terial that offers low ESR. Electrolytic or tantalum capa-citors are unacceptable due to these reasons [3] [4] [5] .
The first step in designing the snubber circuit is to determine the snubber capacitor voltage at the minimum input voltage and full load condition (V sn ). Once V sn is determined, the power dissipated in the snubber network at the minimum input voltage and full load condition is obtained as
where I ds peak is the maximum peak current through the TNY277 at the minimum input voltage condition, f s is the TNY277 switching frequency, L lK is the leakage in-ductance, V sn is the snubber capacitor voltage at the minimum input voltage and full load condition, V R is the reflected output voltage and R sn is the snubber resistor. V sn Should be larger than V R and it is typical to set V sn to be 2.5 times V R . Too small a V sn results in a severe loss in the snubber network as shown in Equation (1) . The leakage inductance is measured at the switching frequency on the primary winding with all other windings shorted. Then, the snubber resistor with proper rated wattage should be chosen based on the power loss. The maximum ripple of the snubber capacitor voltage is ob tained as where f s is the TNY277 switching frequency. The snubber capacitor voltage (V sn ) of Equation (7) is for the minimum input voltage and full load condition, When the converter is designed to operate in CCM under this condition, the peak drain current together with the snubber capacitor voltage decrease as the input voltage increases as shown in Figure 3 . The peak drain current at the maximum inp
ut voltage and full load condition (I ds Peak ) is obtained as in Peak
where the maximum i P , is given by nput power in 
where f s is the TNY277 switch frequency, L lK is the primary side leakage inductance, V R is the
reflected output vo mum voltage stress on the internal MOSF ltage and R sn is the snubber resistor. From Equation (7), the maxi ET is given by
where is maximum DC link voltage V DC max given by DC max max
in this section the snubber cell elements selected successfully to improve the efficiency and performance of the proposed charger.
Analysis for the Constant-Output-Current parametric detailed analysis provi and its m ratio D is defined according to the following equation: and Constant-Output Voltage Circuit
In general, a battery charger employs constant current (CC)/constant voltage (CV) control circuit for an optimal charge of a battery. Figure 4 shown a constant current (CC)/constant voltage (CV) circuit based on the flyback converter is proposed in this paper, a simple, low cost circuit using a comparator (U3) and shunt regulator (U4), being validated with a ded in this section. DC input voltage V DC is generated by rectifying AC input voltage V AC using a bridge rectifier, aximum V DC max is specified in Equation (9). Assume that the switching frequency and the "ON" period for the power MOSFET are f s and t on , respectively. Then duty
The input power P i for the drive circuit is calculated by Equation (4) where P o is the output power and the η is the circuit efficiency. Thus the average primary current I i is represented as follows: 
I
When MOSFET turns "OFF", the current in the magnetizing inductance forces a reversal of polarities on primary winding. Since the current in an inductor cannot change instantaneously, at the instant of turn "OFF", the primary
current transfers to the secondary at an amplitude 
e V o can be represented as the following equa Finally, from (10)-(14) and by using Equation (4), the circuit output voltag tion:
where N is the primary/secondary turns ratio. Assume that the reference voltage in Figure 4 is 
V z , then the V and V is given by follwing equations: 
Experimental Result of Proposed Charger
In order to show the validity of the proposed battery charger presented in this paper, the fly back converter with snubber cell and constant current/constant voltage controller has been built and fabricated with an input range of 85 -256 AC voltage and the output of 5 V/1 A with 94% efficiency. All the circuit elements values and part number based on Figure 6 are given in Table 1 
Conclusion
A constant output current and constant output voltage and snubber circuit based on the flyback converter is investigated and a circuit prototype with an output of 5 V/1 A is designed and fabricated the experiments results suggest that the proposed driving method has a high accuracy, good stability and high efficiency. The simulations and experimental results have proven good performances and verify the feasibility of the proposed 
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